The doping of graphene to tune its electronic structure is essential for its further use in carbon based electronics. Adapting strategies from classical silicon based semiconductor technology, we use the incorporation of heteroatoms in the 2D graphene network as a straightforward way to achieve this goal. Here, we report on the synthesis of boron-doped graphene on Ni (111) calculations. Furthermore, our calculations suggest that doping with boron leads to graphene preferentially adsorbed in the top-fcc geometry, since the boron atoms in the graphene lattice are then adsorbed at substrate fcc-hollow sites. The smaller adsorption distance of boron compared to carbon leads to a bending of the graphene sheet in the vicinity of the boron atoms. By comparing calculations of doped and undoped graphene on Ni(111), as well as the respective free-standing cases, we are able to distinguish between the effects that doping and adsorption have on the band structure of graphene. Both, doping and bonding to the surface, result in opposing shifts on the graphene bands.
I. INTRODUCTION

11
The concept of doping was initially introduced in classical semiconductor technology, 12 but was also adapted for carbon allotropes [1] [2] [3] [4] [5] . Doping of carbon material with nitrogen 13 and boron atoms generated intense interest due to the possibility of tailoring the physical 14 properties, i.e., electronic and transport properties 2-4,6 but also chemical properties like the 15 ability to adsorb lithium for capacitors 7 or hydrogen storage capabilities 8 . In particular, 16 these concepts were discussed recently for the two dimensional carbon allotrope graphene.
17
The doping of graphene with nitrogen was achieved from nitrogen doped precursors or from showed, nevertheless, the possibility of tuning the graphene band structure. The thermal 26 stability of the resulting nitrogen-modified graphene sheets is similar to that of graphene.
27
Based on these results the incorporation of boron was also considered and first results from resolved photoemission spectroscopy (ARPES) and x-ray photoelectron spectroscopy (XPS).
37
The experimental results are analyzed and discussed by comparison with density-functional 
83
III. RESULTS AND DISCUSSION
84
A. Preparation, Doping Geometry, and Doping Level Figs. 1 (a) and (b) show typical C 1s and B 1s XP spectra of boron-doped graphene 86 layers grown on Ni(111). In the C 1s region two main peaks are observed, the graphene 87 peak at ∼285.0 eV and a second one shifted to lower binding energies by about ∼1.6 eV. sphere of boron, the applied growth mechanism, and is confirmed by our DFT calculations 112 discussed in the following.
113
In the B 1s region there are two main contributions, located at 187.4 eV and a shoulder 114 at 188.0 eV, respectively. They are attributed to boron bound to carbon, i.e., the species teractions. Therefore, the effects on the band structure due to the above discussed small 167 change in the adsorption distance in the case of doping and due to the incorporation of 168 boron into the graphene geometry, were studied. To that end we compared the boron- network, in particular the effect of the dopants on the electronic structure.
178
In the following, we first discuss the effect of boron-doping as observed in our experiments. Fig. 2 (a) ). A quantitative
191
analysis of this shift is given in Fig. 3 . Interestingly, we find that the spectra at higher 192 doping levels become more diffuse, due to the incorporation of boron. In the data this is 193 observed as a lower contrast in the shifted band structure. This is attributed to the fact that Note that we did not find a change in the band dispersion or similar effects in our analysis 198 of the ARPES data, i.e., the shift to lower binding energies is the only observed effect.
199
The experimental band structures in our study of boron-doped graphene adsorbed on 
